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INTRODUCTION
n classical plate theory, it is assumed that line which is normal to the neutral surface before deformation remain straight and normal to the neutral surface after deformation. This assumption results in under-estimation of deflection and over-estimation of natural frequencies and buckling loads. The errors in deflection, stresses, natural frequencies and bulking loads are even higher for plates made out of advanced composites like graphite epoxy; boron epoxy etc,. in the early days [1] [2] [3] [4] [5] [6] [7] the classical plate theory was extended for the analysis of the composite structures.
Later the importance of shear effect in plate bending was realized and the higher order theories were developed which take transverse stresses and strains into account. Higher order theories aim at improving the accuracy by incorporating transverse strains/stresses in the formulation.
For higher order theories, primarily two types of approaches are available. In the first one the stresses are treated as primary variable and the displacements are found. In the second approach displacements are treated as primary variables and the stresses are found. First Order Shear Deformation Theory (FSDT) [8] [9] is the starting point in the development of plate theories in which transverse shear effects were included. In this theory, constant shear strain is assumed across the thickness and it predicts average shear stress. It also requires a shear correction coefficient, accurate evaluation of which is problem specific [10] . This theory has been widely used for static, free vibration and transient analysis because of its simplicity and good global predictions.
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The plate theories are further refined by assuming parabolic (higher order parabolas) shear strain variation across the thickness and these are called as Higher order Shear Deformation Theories (HSDT). It is very well known that HSDT gives more accurate results and very close to three dimensional (3-D) elasticity solution for static loading conditions and free vibrations. Higher order theories are based on realistic displacement models, which give rise to nonlinear distribution of in-plane, normal and transverse shear strains. The higher order theories are quite involved and are more complicated as compared to the CPT and FSDT. It is very important to develop a higher order theory, which is simple and easy to use. Good review on plate theories is given in references [11] [12] [13] [14] [15] [16] [17] In the present work, emphasis has been laid on specific development of Trigonometric Shear Deformation Theory (TSDT) for plate analysis. And the effectiveness of this theory is shown by applying it to static and dynamic problems of isotropic plates. The displacement models contain trigonometric terms in addition to classical plate theory terms. This displacement models is different from the generalized model of LO and Christensen [18] [19] which contains only polynomial terms. Use of trigonometric functions to describe the plate behavior in thickness direction was first proposed by Stein [20] [21] and was used for laminated beam and post buckling analysis of plates. Reddy and Phan had carried out stability and vibration of isotropic, orthotropic and laminated plates according to higher order shear deformation theory [22] . However, the present TSDT model differs from that of Stein. In Stein's the top and bottom shear stress conditions are not satisfied.
Higher order theories, which consider plate properties in a smeared manner, fail to interlaminar stresses at interfaces accurately. Transverse stresses are very important in the composite analysis since interlaminar stresses are primarily responsible for delamination. This failure is overcome by developing the theories, which considers the behavior of individual layer in the analysis, and these types of theories are called as layer-by-layer theories. The extensive use of advanced composite materials in the various high performance structures led to the development of refined theories for analysis of such structures in order to address the correct structural behavior. The objective of this paper is to present a trigonometric shear deformation theory for isotropic thick plates. It includes the effect of transverse shear. Results obtained for uniformly distributed loading case and are compared with those of refined theories like Ghugal and Sayyad [23] , Krishnamurthy [24] , Reddy [25] , Mindlin [9] , Kirchhoff [3] and exact elasticity theory [26] 1. The displacements are small and, therefore, strains involved are infinitesimal. 2. The in plane displacement u in x direction as well as displacement v in y direction each consists of three parts: a) Displacement component analogous to the displacement in classical plate theory of bending. b) Displacement component due to shear deformation, which is assumed to be sinusoidal in nature with respect to thickness coordinate, such that the maximum shear stress occurs at neutral axis. 3. The transverse displacement w in z direction is assumed to be a function of x and y coordinates only. 4. The plate can be subjected to transverse as well as in plane loads.
B. The Displacement Field
Based on the before mentioned assumptions, the displacement field of the Present Refined Plate Theory (RPT) can be expressed as follows:
( )
Here u and v are the in plane displacement components in the x and y directions respectively and w is the transverse displacement in the z direction. The trigonometric function in terms of thickness coordinate in both the displacements u and v is associated with the transverse shear stress distribution through the thickness of plate and the functions 
C. Strain-Displacement Relationships
Normal and shear strains are obtained within the framework of linear theory of elasticity using the displacement field given by (2) . These relationships are given as follows: 
D. Governing Equations and Boundary Conditions
Using the expressions for strains and stresses through (5) and using the principle of virtual work, variationally consistent governing differential equations and boundary conditions for the plate under consideration can be obtained.
The principle of virtual work when applied to the plate leads to:
( ) ( The flexural behavior of the plate is described by the solution satisfying these equations and the associated boundary conditions at each edge and corner of the plate.
III. ILLUSTRATIVE EXAMPLES
Example 1: A simply supported isotropic rectangular plate subjected to uniformly distributed load. The rectangular plate occupying the region given by the (1) is considered, the plate is subjected to uniformly distributed transverse load, q(x,y) on surface z = -h/2 acting in the downward z-direction as given below:
( ) The plate material are considered as E=210 GPa and µ=0. 3 , where E is the Young's modulus and µ is the Poisson's ratio. The governing differential equations and the associated boundary conditions for static flexure of rectangular plate under consideration can be obtained directly from (7) through (9) . The following are the boundary conditions of the simply supported isotropic plate on the edges x=0 and x=a.
Navier Solution
The following is the solution form for 
IV.
NUMERICAL RESULTS AND DISCUSSION
Results obtained for displacements, stresses will now be compared and discussed with the corresponding results of Refined Plate Theory (RPT),Higher order shear deformation theory (HSDT) of Reddy, classical plate theory (CPT) of Kirchhoff, first order shear deformation theory (FSDT) of Reissner and an exact solution for analysis of plate Srinivas.
The transverse displacement, in-plane and transverse stresses are presented in the following non-dimensional form for the purpose of presenting the results in this paper
, , , 100 , , , Results obtained for displacements and stresses are compared and discussed with the corresponding results of classical plate theory (CPT), first order shear deformation theory (FSDT), higher order shear deformation theories (HSDTs), of various authors and the exact elasticity solution of plate. For the purpose of comparison, results were specially generated according to the exact elasticity solution [26] .
Example 1: Table 1 shows comparison of deflection and stresses for the simply supported homogenous rectangular isotropic plate subjected to uniformly distributed load for a/b = 0.5, a/b=1.0 and h/a = 0.1. The present theory gives more accurate value of deflection than that is given by other refined theories as compared to exact value. The theory gives an exact Table2 shows comparison of non-dimensional natural bending mode frequencies of simply supported isotropic plate. It can be observed from Table 2 that the present theory yields excellent values of frequencies for almost all modes of vibration. The minimum % error predicted by present theory is 0.021 %.
V. CONCLUSION
In this paper Trigonometric Shear deformation Theory is presented for isotropic plate analysis. This theory gives realistic variation of transverse shear stress through the thickness of plate and satisfies the shear stress free boundary condition on the top and bottom planes of the plate. This theory obviates the shear correction factor. From the numerical results it is conclude that the values of transverse deflection, normal stress and shear stress obtained by this theory are in excellent agreement with those of the exact theory. Also it is notified that bending frequencies obtained by this theory are very close to the frequencies of exact theory and others theories. 
